; it exhibited 16S rRNA gene sequence similarity of 95.0-96.5, 95.2-96.3, 96.2, 94.6-95.7 and 94.8-95 .8 % to members of the genera Phaeobacter, Ruegeria, Citreimonas, Leisingera and Donghicola, respectively. However, phylogenetic trees based on 16S rRNA gene sequences showed that strain CZ-AM5
T did not join any of the above genera, but formed a distinct lineage in the trees. On the basis of phenotypic, chemotaxonomic and phylogenetic analyses, strain CZ-AM5 T is considered to represent a novel genus and species of the family Rhodobacteraceae, for which the name Cribrihabitans marinus gen. nov., sp. nov. is proposed. The type strain of Cribrihabitans marinus is CZ-AM5 T (5CGMCC 1.13219 T 5JCM 19401 T ).
The family Rhodobacteraceae Garrity et al. 2005 , which belongs to the class Alphaproteobacteria, is one of the most species-rich bacterial groups, and contains 104 recognized genera (type genus, Rhodobacter) at the time of writing. Members of the family Rhodobacteraceae are metabolically and physiologically diverse and occupy a wide range of niches in various habitats; most originate from marine environments, such as seawater, sea ice, sediment, microbial mats, marine algae, marine animal tissues and coastal biofilms. In recent years, many novel genera belonging to the family Rhodobacteraceae have been established, such as Planktomarina (Giebel et al., 2013) , Pelagimonas (Hahnke et al., 2013) , Profundibacterium (Lai et al., 2013) , Sagittula , Epibacterium (Penesyan et al., 2013) , Falsirhodobacter (Subhash et al., 2013) , Pleomorphobacterium (Yin et al., 2013) and Litorisediminicola (Yoon et al., 2013) . In this study, we report a novel strain, designated CZ-AM5 T , isolated from a marine recirculating aquaculture system.
In a study of the microbial diversity of a biofilm formed in an aerated biological filter in a marine recirculating aquaculture system in Tianjin, China, a rod-shaped bacterium that formed cream-coloured colonies, strain CZ-AM5 T , was obtained. According to the 16S rRNA gene sequence, strain CZ-AM5
T was related phylogenetically to members of the genera Phaeobacter, Ruegeria, Citreimonas, Leisingera and Donghicola. In this study, the taxonomic position of strain CZ-AM5 T was determined by using a polyphasic approach.
For the isolation of bacterial strains, the biofilm sample was dispersed in sterilized detachment buffer [0.1 % sodium pyrophosphate in phosphate buffer (130 mM NaCl, 10 mM Na 2 HPO 4 and 10 mM NaH 2 PO 4, pH 7.4)] and then serially diluted 10-fold with sterile saline solution. The 10 24 to 10 26 dilutions (100 ml each, in triplicate) were spread on diluted marine agar (DMA) (per litre seawater: 0.25 g tryptone, 0.05 g yeast extract, 0.1 g ferric citrate and 15 g agar, pH 7.4) and incubated at 30 u C for 2 weeks. Strain CZ-AM5 T was obtained and purified by repeated restreaking on the same plates. Purity was confirmed by the uniformity of colony morphology and microscope examination.
Routine cultivation was conducted at 30 u C on marine agar 2216 (MA; Difco) unless otherwise indicated. Gramstaining was performed according to Dong & Cai (2001) . Cell morphology was examined by using a light microscope (BH-2; Olympus) and flagellation was determined after negative staining with 1 % (w/v) phosphotungstic acid by using a transmission electron microscope (JEM-1400; JEOL) with cells grown for 2 days on MA at 30 u C. The temperature range for growth was examined in laboratoryprepared marine broth 2216 (MB) (per litre distilled water: 5.0 g tryptone, 1.0 g yeast extract, 19.45 g NaCl, 5.9 g MgCl 2 , 3.24 g Na 2 SO 4 , 1.8 g CaCl 2 , 0.55 g KCl, 0.16 g Na 2 CO 3 , 0.1 g ferric citrate, 0.08 g KBr, 0.034 g SrCl 2 , 0.022 g boric acid, 0.004 g Na 2 SiO 3 , 0.0024 g NaF, 0.0016 g NH 4 NO 3 and 0.008 g Na 2 HPO 4 , pH 7.6) incubated for 1 week at 10-45 u C (in increments of 5 u C). The NaCl range for growth was determined in modified MB supplemented with 0-20 % (w/v) NaCl (final concentration, in increments of 1 %). The pH range for growth (pH 5.0-11.0, in increments of 0.5 pH units) was tested in MB (inoculum size 0.01 %). The effect of pH on growth was determined using three different buffers (final concentration, 50 mM): sodium acetate buffer (for pH 5.0-5.5), sodium phosphate buffer (for pH 6.0-8.0) and Tris/HCl (for pH 8.0-10.0).
Oxidase activity was examined by using oxidase reagent (bioMérieux). Catalase and amylase activities and hydrolysis of casein, tyrosine and Tweens 20, 40, 60 and 80 were examined according to Dong & Cai (2001) . The requirement for oxygen was checked on MA at 30 u C for 1 week by incubating in an Oxoid AnaeroGen system. H 2 S production was tested with lead acetate paper. Strain CZ-AM5 T was further characterized by using the API ZYM and API 20NE systems (bioMérieux) following the manufacturer's instructions. Utilization of carbon sources was tested using artificial seawater (per litre distilled water: 24 g NaCl, 7 g MgSO 4 . 7H 2 O, 5.3 g MgCl 2 . 6H 2 O, 0.7 g KCl and 0.1 g CaCl 2 . 2H 2 O, pH 7.5) supplemented with trace element solution (per litre distilled water: 0.08 g KBr, 0.034 g SrCl 2 , 0.022 g boric acid, 0.004 g Na 2 SiO 3 , 0.0024 g NaF, 0.0016 g NH 4 NO 3 and 0.008 g Na 2 HPO 4 ), 0.05 g yeast extract and 0.4 % (w/v) carbon source, and growth was checked for 2 weeks.
Strain CZ-AM5
T was heterotrophic, aerobic, oxidase-negative and catalase-positive. Cells were Gram-staining-negative, non-spore-forming rods, 0.5-0.8 mm wide and 1.2-2.0 mm long, and motile by means of one or two polar or lateral flagella (Fig. S1 , available in the online Supplementary Material). Colonies were approximately 1 mm in diameter, circular, smooth, convex, opaque and cream in colour after incubation on MA for 5 days. Strain CZ-AM5
T grew at 15-40 u C, at pH 6.5-10.5 and in the presence of 0-12.0 % (w/v) NaCl, with optimal growth at 30-35 u C, pH 6.5-7.5 and 4.0 % (w/v) NaCl, respectively. No growth was observed at 10 or 45 u C or at pH 6.0 or 10.5. More physiological and biochemical properties of strain CZ-AM5
T are provided in Table 1 , as well as in the genus and species descriptions.
For analysis of fatty acids, cell mass of strain CZ-AM5
T was harvested from MA plates after incubation for 2 days at 30 u C. Cellular fatty acids were extracted and analysed by using the standard MIDI Sherlock Microbial Identification System (version 6.0) according to the manufacturer's instructions (Sasser, 1990) on an Agilent Technologies 6890N GC. Isoprenoid quinones were extracted and purified according to Collins (1985) and analysed by HPLC (Wu et al., 1989) and identified by comparison with known quinones from strain Ruegeria marina ZH17
T as a reference. Polar lipids were extracted using a chloroform/ methanol system and identified using two-dimensional TLC, as described by Kates (1986) ; Merck silica gel 60 F 254 aluminium-backed thin-layer plates were used in the analysis. Genomic DNA of strain CZ-AM5
T was extracted and purified using a bacterial genomic DNA purification kit (Sigma) according to the manufacturer's instructions. The DNA G+C content was analysed by the thermal denaturation method (Marmur & Doty, 1962) .
The fatty acid profile of strain CZ-AM5 T is given in Table  S1 . The major fatty acid of strain CZ-AM5
T was C 18 : 1 v7c (80.31 %), one of the major fatty acids present in phylogenetically related genera (Table 1) . However, strain CZ-AM5
T can be differentiated from members of the genera Ruegeria, Citreimonas, Leisingera and Donghicola by the absence of other fatty acids as major components. The sole respiratory ubiquinone detected in strain CZ-AM5 T was ubiquinone 10 (Q-10), a predominant component in some members of the Alphaproteobacteria (Yoon et al., 2010; Huo et al., 2011) . The polar lipids were phosphatidylcholine, phosphatidylglycerol, phosphatidylethanolamine and an unknown aminolipid as major components and diphosphatidylglycerol, an unknown phospholipid and three unknown lipids as minor components (Fig. S2) . Strain CZ-AM5
T can be differentiated from the phylogenetically most closely related genus, Phaeobacter, in the absence of an unknown phospholipid and from other phylogenetically related genera in the presence of diphosphatidylglycerol. The DNA G+C content of strain CZ-AM5 T was 60.4 mol%. net/). The sequences of the most closely related taxa were retrieved from GenBank and aligned using the CLUSTAL_X program (Thompson et al., 1997) . A neighbour-joining tree (Saitou & Nei, 1987) 
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through 1000 replications based on Kimura's two-parameter model (Kimura, 1980) using the MEGA program (version 5; Tamura et al., 2011) (Fig. 1) and phylogenetic trees based on the maximum-parsimony (Fitch, 1971) and maximumlikelihood (Felsenstein, 1981) methods were also reconstructed using the same program (Figs S3 and S4) . Strain CZ-AM5 T showed the highest 16S rRNA gene sequence similarity (96.5 %) to Phaeobacter caeruleus LMG 24369 T ; it exhibited 16S rRNA gene similarity of 95.0-96.5, 95.2-96.3, 96.2, 94.6-95.7 and 94.8-95 .8 % to members of the genera Phaeobacter, Ruegeria, Citreimonas, Leisingera and Donghicola, respectively. However, in the neighbour-joining phylogenetic tree based on the 16S rRNA gene sequence, strain CZ-AM5 T did not join any of the above genera, but formed a distinct lineage in the tree (Fig. 1) . This topology was also obtained in the maximum-parsimony tree (Fig. S4) . However, in the maximum-likelihood tree, strain CZ-AM5
T formed a robust clade together with Ruegeria marina ZH17 T (Fig. S3) . In a neighbour-joining phylogenetic tree including the type species of all genera of the family Rhodobacteraceae, strain CZ-AM5 T formed a distinct lineage together with Pontibaca methylaminivorans GRP21 T (Fig. S5 ). These phylogenetic data indicated that strain CZ-AM5
T was not a member of a known genus and that it represents a novel genus of the family Rhodobacteraceae.
In addition to the phylogenetic data, strain CZ-AM5
T could be differentiated from phylogenetically related genera (Phaeobacter, Ruegeria, Citreimonas, Leisingera, Donghicola and Pontibaca) by differences in some phenotypic properties, such as oxidase activity, anaerobic growth, Na + requirement for growth, nitrate reduction, NaCl tolerance, some enzyme characteristics and utilization of some carbon sources. In addition, the DNA G+C content, major fatty acids and polar lipid profile also differentiated strain CZ-AM5
T from members of the above genera (Table 1) .
On the basis of the above phylogenetic, chemotaxonomic and phenotypic data, it is concluded that strain CZ-AM5 T represents a novel genus and species of the Roseobacter clade of the family Rhodobacteraceae, for which the name Cribrihabitans marinus gen. nov., sp. nov. is proposed.
Description of Cribrihabitans gen. nov.
Cribrihabitans (Crib.ri.ha9bi.tans. L. neut. n. cribrum a sieve, a filter; L. part. adj. habitans inhabiting; N.L. part. adj. used as a masc. n. Cribrihabitans inhabitant of a filter).
Strictly aerobic and heterotrophic. Cells are Gram-stainingnegative, non-spore-forming, flagellated rods. Oxidasenegative and catalase-positive. Q-10 is the sole quinone. The major cellular fatty acid is C 18 : 1 v7c. The DNA G+C content of the type strain of the type species is 60.4 mol%. The type species is Cribrihabitans marinus.
Description of Cribrihabitans marinus sp. nov.
Cribrihabitans marinus (ma.ri9nus. L. masc. adj. marinus of or belonging to the sea, marine).
Displays the following properties in addition to those given for the genus. Cells are 0. In the API 20 NE system, positive for aesculin hydrolysis and negative for nitrate reduction, indole production, glucose fermentation and hydrolysis of arginine, urea and gelatin. In the API ZYM system, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase activities are present; lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and b-fucosidase activities are absent. The polar lipids are phosphatidylcholine, phosphatidylglycerol, phosphatidylethanolamine and an unknown aminolipid as major components and diphosphatidylglycerol, an unknown phospholipid and three unknown lipids as minor components.
The type strain, CZ-AM5 T (5CGMCC 1.13219 T 5JCM 19401 T ), was isolated from a biofilm formed in an aerated biological filter in a recirculating marine aquaculture system in Tianjin, China.
